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ABSTRACT 
Coloration is vital to birds; it is involved in mating, territorial display, communication, 
camouflage, and predation. Birds rely on their environment for the raw materials necessary to 
make most colors present in their feathers. As a result, habitat quality can have lifetime fitness 
consequences through the color pathway. Widescale habitat change has affected the quality of 
habitats accessible to birds worldwide. Consequently, the availability of pigment-containing 
resources within many altered habitats has shifted, leading to modification in the coloration of 
some birds’ feathers. I hypothesized that the red pigmentation in the feather shoulders, or 
epaulets, of red-winged blackbirds (Agelaius phoenicus) may have changed in Connecticut’s 
population over time. To test this hypothesis, I compared the carotenoid pigments of epaulet 
feathers from red-winged blackbird specimens collected around 1970 to those of feathers from 
birds captured in 2016. Historical feathers were sampled from museum specimens and were 
evaluated relative to new feathers taken from live birds. Feathers were visually scored for 
pigmentation intensity, and then carotenoids were extracted and identified using high 
performance liquid chromatography and spectrophotometry. The pigment profiles of the museum 
specimens show that the historical birds were able to retrieve and produce the expected pigments 
in their epaulets whereas the live birds lacked one of the two major carotenoids that constitute 
epaulet coloration. The habitat of the modern birds may not have had the adequate resources for 
the individuals to build all of the expected carotenoids in their epaulets. This observation could 
indicate the effect of habitat quality on carotenoid pigmentation in birds from 1970 to present 
day. To better understand this effect, analysis of temporal habitat change must be paired with a 
robust study of pigmentation change over time. 
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INTRODUCTION 
 The rainbow of colors that we see in birds’ feathers is a complex entity, having origins in 
both feather structure and deposited pigments. Structural coloration, which often produces blue 
and green hues in birds, results from interactions between light and nanostructures in the 
integumentary tissues (McGraw et al. 2004).  Pigmentary colors are primarily due to three types 
of compounds: melanins, porphyrins, and carotenoids (Hill and McGraw 2006). In birds, melanin 
compounds create brownish hues and are often used to provide structural integrity to flight 
feathers. Porphyrins are less common pigments that result in fluorescent feathers. Carotenoid 
compounds produce bright red, yellow, and orange hues that are often associated with male 
display in territorial ownership and mating for sexually dimorphic species (McGraw et al. 2004, 
Hill and McGraw 2006). These flashy colors are correlated with success of mating and territorial 
displays which can impact the reproductive success of birds (Olson et al. 1998, Saks et al. 2003, 
LaFountain et al. 2015).  
Of the different pigment classes, carotenoids are the only class that birds do not produce 
themselves. Melanins are derived as byproducts of blood or bile, and porphyrins are built from 
amino acids (Hill and McGraw 2006). Carotenoids, which are produced by many plants and 
consumed by many organisms, are present in the diet of most passerine bird species. These birds 
forage on seeds, berries, and insects that contain carotenoids. An individual that uses carotenoid 
pigments in its feathers must consume the appropriate amount of carotenoid pigments to 
successfully produce feather coloration (Olson et al. 1998, Saks et al. 2003, Hill and McGraw 
2006).  
 Once consumed by a bird, some carotenoids undergo biochemical transformation into 
ketocarotenoids before entering feathers (Hill and McGraw 2006). During this process, 
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carotenoids are first carried by blood to the intestinal mucosa where they are partitioned by 
micelles. They then move into the lymphatic system where they are partnered with lipoproteins 
which circulate through the body (Brush 1990, McGraw et al. 2004, Hill and McGraw 2006). 
Carotenoids bound to lipoproteins can be directed to adipose tissue, ovaries, egg yolk, and to the 
integument, which includes feathers (Smith 1972, Hill and McGraw 2006). In females of many 
species, carotenoids are needed to support reproductive physiology, while in males, the 
carotenoids are deposited in feathers which aid in sexual or territorial signaling (Smith 1972, 
Olson et al. 1998, Blount et al. 2002). Through this deposition process, the feather color can 
reflect the availability of carotenoids in the environment (Smith 1972, Saks et al. 2003).  
 There is evidence that the historical carotenoid sources available to birds in their 
environment have been altered due to habitat change. Habitat change can have a direct effect on 
bird pigmentation if it involves a shift in types or abundances of various carotenoid compounds 
that are used in feather coloration. One such example is habitat change via invasive plants that 
alter the plant community and offer new dietary sources, such as foreign berries, to birds. These 
new food sources may either increase the overall supply of carotenoids to animals, or may 
introduce altogether novel carotenoids to local ecosystems. It has been shown that the carotenoid 
pigmentation of cedar waxwings (Bombycilla cedrorum) has been affected by the invasion of 
Asian honeysuckle species (genus Lonicera) (Hudon and Brush 1989, Mulvihill et al. 1992, 
Witmer 1996). Cedar waxwings normally have yellow tail feather tips that are colored by 
canary-xanthopyll, a type of yellow-class carotenoid. In the late 1900s, some cedar waxwings 
started producing orange tail feathers that contained a different carotenoid called rhodoxanthin. 
Rhodoxanthin, which produces reddish hues in feathers, was detected in the berries of the 
invasive honeysuckle species that had become a new food source for cedar waxwings (Mulvihill 
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et al. 1992, Witmer 1996). This finding exemplifies the powerful link between habitat conditions 
and carotenoid pigmentation in birds. I aimed to determine if this link was evident in another 
system involving agricultural expansion and feather pigmentation. 
Red-winged blackbirds (Agelaius phoenicus) are common birds to Connecticut. They 
reside in wetlands during the summer and use wetlands as their breeding habitat. Before the 
breeding season, males develop patches of bright red shoulder feathers, called epaulets. Males 
dynamically flash their red epaulets to other males in order to signal their territory and to display 
aggression. The epaulets therefore influence the success of a male in establishing territory and 
attracting females to mate (Smith 1972, McGraw et al. 2004). Once the breeding season has 
completed, red-winged blackbirds molt their feathers and migrate to their wintering grounds. 
Throughout the winter, these birds forage on seeds with carotenoids that contribute to the 
reconstruction of red epaulets for the next breeding season (Meanley and Bond 1969, Fraga 
2017).  
The epaulets of red-winged blackbirds are known to contain five carotenoid pigments 
(McGraw et al. 2004). Astaxanthin and canthaxanthin are the two most prevalent pigments, and 
they are responsible for the red coloration. These two pigments are derived from basic dietary 
carotenoids that the birds process in their bodies before depositing into feathers. The other three 
pigments, lutein, zeaxanthin, and canary-xanthopyll-A, are all associated with yellow coloration. 
Most lutein and zeaxanthin molecules remain unconverted when deposited into feathers. 
However, some lutein and zeaxanthin molecules may serve as precursors for the chemical 
transformation into the red keto-carotenoids, astaxanthin and canthaxanthin, which are then 
deposited in feathers (McGraw et al. 2004). This unique array of both dietary and transformed 
carotenoids in the epaulets of male red-winged blackbirds displays the importance of a male’s 
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ability to retrieve multiple types of carotenoids from the environment. If the necessary carotenoid 
compounds are not sufficiently collected in the diet, a male may not be able to process the 
compounds in its body to make the bright red epaulets that are so crucial to its fitness. 
Since the era of human development in North America, red-winged blackbirds have faced 
habitat change in both their wintering and breeding habitat. Historically, red-winged blackbirds 
fed on seeds of plants such as native filarees (genus Erodium) and grasses (genus Echinochloa) 
in the winter and various insects and seeds in the summer (Fraga 2017). These historical food 
sources offer the suite of carotenoids needed to create the expected epaulet pigmentation of 
males. 
The expansion of agriculture has altered much of the natural habitat of red-winged 
blackbirds. During the winter, red-winged blackbirds now commonly forage in agricultural fields 
where they feed on seeds from maize (Zea mays), domesticated sunflowers (Helianthus annuus), 
invasive foxtail (Alopecurus pratensis), and other species associated with agriculture (Linz et al. 
1984). These plants, or breeds, are not native, and they represent new food sources to red-winged 
blackbirds. It is possible that these plant species have different carotenoids in their seeds than the 
historical food sources of red-winged blackbirds. Since these food sources are consumed during 
the period in which males develop their epaulets for the upcoming breeding season, they have the 
potential to impact the coloration of epaulets (Meanley and Bond 1969, Homan et al. 1994, Fraga 
2017).  
The breeding habitat of red-winged blackbirds has also undergone major changes due to 
agricultural expansion. Huge proportions of wetlands were converted to farmland during the 
1800s and 1900s to compensate for the growing human population. The wetland habitat of red-
winged blackbirds was depleted in some areas and fragmented in others, leaving few natural 
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wetland areas left (United States Geological Survey 1996). In 1985, the United States 
government enacted the Farm Bill, which provided some protection to natural wetland habitat 
and promoted mitigation of converted wetlands (Glaser 1986). After this time period, many 
wetlands were restored by various degrees to a more “natural” state. Despite efforts to reverse 
wetland damage, the wetlands left in modern times are not fully representative of the 
environments that occurred before human interference (Tallisa et al. 2015). Today, many 
restored wetlands suffer invasions of non-native plant species such as purple loosestrife (Lythrum 
salicaria) and common reed (Phragmites australis) (Dahl 2000). These invasive plants can alter 
the ecosystem and disrupt the native plant and insect communities of wetlands (Batzer and 
Wissinger 1996, Chambers et al. 1999, Whitt et al. 1999, Saltonstall et al. 2005). Both wetland 
plants and insects are a food source for red-winged blackbirds in the summer, and changes in the 
plant or insect community could influence carotenoid availability. 
The environmental change that has occurred in both the wintering and breeding grounds 
of red-winged blackbirds has the potential to shift the dietary, and thus carotenoid, sources 
available to these birds. To investigate this process, I examined whether carotenoids in epaulets 
of red-winged blackbirds have changed over time. Evidence of change in pigmentation could be 
indicative of habitat change and dietary alterations. To test this hypothesis, I evaluated how the 
epaulet color of male red-winged blackbirds has changed over the last fifty years by comparing 
the pigments in epaulets from preserved museum specimens that were collected around 1970 in 
Connecticut to living birds existing in similar locations. Different carotenoid pigment profiles 
suggest a differentiation in ability between past and present red-winged blackbirds to retrieve 
carotenoid sources from their altered environment.  
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METHODS 
Museum Specimens 
 I sampled epaulets from three red-winged blackbird specimens held by the UConn 
Biodiversity Research Collections. I received permission from the curators of the vertebrate 
collections on February 9, 2016 to remove feathers from epaulets of three specimens. I chose 
three adult males in full breeding plumage that had been collected from Tolland County, 
Connecticut, USA between 1962 and 1973. To minimize destructive sampling of specimens, I 
limited sampling to approximately five individual epaulet feathers per specimen that were tucked 
beneath the black dorsal coverts of the folded specimen’s right wing. This process left the overall 
epaulet visibly intact on the study skin. The sampled specimens were identified by accession 
number as UCMB 7116, UCMB 7247, and UCMB 5778. After collection, feathers were stored 
in a cool, dark environment to preserve the integrity of the light-sensitive carotenoids. 
Live Birds 
 During the summer of 2016, I captured live birds using a standardized mist-net protocol 
(IACUC A14-009). With the help of technicians of the Saltmarsh Habitat and Avian Research 
Program, I captured birds in three locations in Connecticut. Our first study site was Barn Island, 
Stonington in New London County (N 41.329814, W 71.868392). At this site, one juvenile and 
two adult male red-winged blackbirds were captured. Our second site was Hammonassett State 
Park in Madison, New Haven County (N 41.256147, W 72.541155). One adult male was 
captured at this location. Our final site was located on Horsebarn Hill in Storrs, Tolland County 
(N 41.815211, W 72.251172). Here, I attempted to use a decoy to attract other males to the net. I 
caught five red-winged blackbirds at this location, but all five were either female or juvenile 
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birds. I used the three samples from adult male birds captured in Stonington and Madison for the 
pigment comparison analysis.   
Visual Color Scoring 
 Before extracting carotenoids from the feather samples, I scored the color of the feathers 
based on a visual scale that I designed (Table 2). These feather colors were scored relative to 
each other from dullest to brightest, with a description to supplement the scoring. This 
information was used for qualitative comparison for simple observation on which males had the 
dullest or brightest feathers and what kind of color variation existed. 
Carotenoid Extraction 
To extract carotenoids from the feather samples, I followed a standardized protocol for 
extracting and analyzing carotenoids in museum specimens (LaFountain et al. 2010), which is 
reliable based on studies that exhibit the stability of carotenoids in well-preserved specimens 
(Armenta et al. 2008b, Doucet and Hill 2009, LaFountain et al. 2010). This procedure involves 
collecting approximately 1.5 mg of feather for each sample. The feathers were then covered with 
2 ml of acidified pyridine and heated in boiling water for an hour. This step separated out the 
carotenoids from the epaulet feathers, leaving the feather keratin a brown color from the 
remaining melanin and the extract a red color from the carotenoids. To ensure that the extract 
was free of debris and acidified pyridine, I washed the feathers with hexane/acetone and water. 
Once the extract was cleaned, I transferred the solution to a lightproof vial to avoid pigment 
degradation by light. The samples were then dried down to a film and stored in a -20º C freezer.  
Chromatography 
 To analyze the pigments in the samples, I used normal-phase high-performance liquid 
chromatography (HPLC). HPLC separates molecules in a mixture based on their chemical 
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structure and allows identification of the molecular components of the mixture. HPLC is 
commonly used to identify pigments, but it also has many other applications in identifying 
components of various biological samples, drugs, and DNA mixtures (Lindsay 1992). In this 
study, HPLC was used to separate astaxanthin and canthaxanthin – the two most prevalent 
carotenoids in red-winged blackbird epaulets – from feather samples. Pigments in the carotenoid 
class have similar carbon-based backbones with differing branched chains for each specific 
pigment. These differences in pigment structure result in slight differences in polarity between 
molecules, which is exploited via HPLC. During HPLC runs, each distinct pigment separates at a 
different retention time thus dividing a mixture of carotenoids in a sample into peaks of distinct 
molecular structure. The molecular peaks can then be identified by comparing the retention time 
and behavior of the HPLC results to a standard mixture containing the target carotenoids, 
astaxanthin and canthaxanthin.  
The samples were diluted using a solvent of 86% hexane and 14% acetone and run 
through a HPLC machine (Agilent 1100 Series). After separation, UV spectra graphs were 
created for each peak and for the standards, and comparison to absorbance peaks was used to 
match molecules to components of the standard mixture. For example, the UV absorbance curve 
with a peak wavelength of 480 nm matches to canthaxanthin and a sample curve with similar 
behavior can be identified as canthaxanthin. All significant HPLC peaks that signaled a pigment 
were matched to spectra from carotenoid standards for identification. For each feather sample, 
some peaks could not be identified (i.e., no absorbance match). In these cases, the additional 
peaks can represent either other pigments (e.g., lutein) for which I did not have a standard, or cis-
isomers of either canthaxanthin or astaxanthin that are degradation byproducts and were 
consequently ignored. 
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Data Processing 
 
 The HPLC instrument produced varying degrees of noise in each sample. To compensate 
for this noise, which inhibits the ability to detect significant peaks on the chromatogram, I 
created a background for the noisy baselines using a running median filter (Fried et al. 2014). 
Then, I subtracted the background noise level from the original chromatogram which gives a 
mean noise level. I calculated the square root of the median of the square to find an approximate 
standard deviation which was ~1.0 for each sample. I then figured out which peaks were 
"significantly" larger than the zero mean baseline noise level by taking approximately ten 
standard deviations. After this statistical transformation, the chromatogram clearly shows the 
peaks that are confidently large enough to represent a signal from a pigment or cis-isomer, rather 
than noise (Figure 1). 
 
RESULTS 
 Of the 11 live birds captured and sampled, only three males exhibited full adult plumage. 
Of the three adult male samples, only two were successfully analyzed. The third live specimen 
sample had an unsuccessful extraction and analysis. These feather samples were compared to 
feather samples of three museum specimens (Table 1).  
Visual Color Scoring 
 The results of the visual color scoring show that the feathers from the museum specimens 
had a brighter hue than the feathers from the three live samples. The three museum specimens 
had visual color ranks of 10, 10, and 8, respectively, with 10 being the brightest score (Table 2). 
All museum specimens were collected in either April or May. Of the live bird samples that were 
successfully analyzed, labeled L3 and L4, the color ranks were 6 and 7, respectively, while the 
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male bird that was unsuccessfully analyzed had a color rank score of 9. All live specimens were 
collected in June (Table 2). 
Chromatography  
 HPLC separated pigments from feather samples based on retention time. For both of the 
live specimen samples, there was one strong pigment peak between 10 and 12 minutes (Figure 
1). No other true carotenoid signals were present in these samples (additional peaks were 
identified as cis-isomers). The three museum specimens each produced more pigment signals. 
UCMB 5788 has true signal peaks around 9 and 15 minutes, UCMB 7116 near 6 and 11 minutes, 
and UCMB 7247 around 5 and 11 minutes (Figure 1). Due to run inconsistency in the HPLC 
machine, it is difficult to tell which peaks are associated with which pigments based on retention 
times, requiring identification based on the UV spectra (Figure 2, 3). 
 Based on UV spectra of samples and standards, the historical specimens contained 
carotenoids more similar to those expected from previous work on red-winged blackbirds. 
Canthaxanthin was detected in all three of the museum specimens but none of the live specimens 
(Figure 4a). Anthaxanthin was found in one of the museum specimens, UCMB 7247, and both of 
the live specimens (Figure 4b). This was the only carotenoid signal detected in either of the live 
specimens. In the two museum specimens that did not exhibit astaxanthin (UCMB 5788 and 
7116), there was a signal from a different pigment that was neither canthaxanthin or astaxanthin. 
This unidentified signal was the same for both samples, and may represent a signal from the third 
most common carotenoid, lutein (Figure 4c). The true identification remains unknown, however, 
as a standard for lutein was not available for this study. 
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DISCUSSION 
 The results of this study show that there is variation in the environmentally-derived 
pigments deposited into epaulets by red-winged blackbirds. Although the sample size was not 
large enough to determine widescale trends, it is clear that the 1960s-1970s birds were able to 
retrieve, process, and deposit the pigments that are expected to be present in the feathers of red-
winged blackbirds based on previous studies (McGraw et al. 2004). All three museum specimens 
had strong signals from either or both astaxanthin and canthaxanthin, which are the two pigments 
previously shown to be of highest concentration in blackbird epaulet feathers. They also have 
signals that most likely indicate known additional carotenoids found in epaulets, such as lutein. 
These patterns tell us that red-winged blackbirds of Tolland County were able to successfully 
acquire the expected carotenoids in their epaulet feathers around the year 1970. This result may 
indicate a healthy wetland environment around the area in which these birds were collected since 
they were able to find enough food sources with carotenoids to contribute to their bright 
pigmentation. This finding could be supported by proof of wetland habitat in the collection areas 
around the year 1970, but the available GIS information from the National Wetlands Inventory 
was incomplete and therefore no further inference could be made (National Wetlands Inventory 
2017).  
 The results from the live specimen samples tell a different story. First, I was able to 
determine that females and juvenile red-winged blackbirds do not concentrate carotenoids in 
their epaulets. The feathers removed from female or young birds (n = 8) were lacking in 
coloration and even after melanin was removed from the feathers, the extract was clear, 
indicating that there were no carotenoids present in the feather samples.  
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The males from the live specimen samples had red feathers, but all were duller in color 
than the feathers from ~50-year old museum specimens. This observation suggests that there 
may be a difference in the ability of historical verses current birds to retrieve carotenoids from 
their environment.  
It is possible that the environment of the red-winged blackbirds caused the differences in 
pigmentation between past and present individuals. The birds collected between 1962 and 1973 
were from Tolland County, Connecticut which consists of inland wetland sites. The birds 
sampled in 2016 were captured in two coastal sites of Connecticut – one of which is a restored 
coastal wetland. The two wetland types may offer different dietary sources to red-winged 
blackbirds. Additionally, effects of the salt water environment in coastal wetlands could have 
caused feather wear in the epaulets of the live birds used for this study. As such, it is impossible 
with this small sample to separate the potential effects of time on carotenoid availability with the 
potential effects of space. 
There also may be biological variation causing the feathers of live males collected in this 
study to be noticeably duller than feathers of male specimens. This difference could be attributed 
to the time of year of collection. The museum specimens were collected in April or May, when 
red-winged blackbirds are establishing their breeding territory and preparing to mate. It is 
possible that males allotting more energy to maintain carotenoid pigments for epaulet coloration 
during this critical time of year. The brighter a male’s epaulet, the higher the chance of its 
success in establishing and defending a territory and therefore attracting mates (Smith 1972). 
Once a male has completed its mating season, it may spend less energy maintaining the hue of 
the epaulet in preparation for the inevitable molting of epaulets that occurs in autumn (Meanley 
and Bond 1969). Because the live males were caught towards the end of the breeding season in 
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June, it is possible that the brightness of their epaulets was no longer being maintained. This 
speculation requires further exploration and may provide insight on feather pigment retrieval 
patterns in red-winged blackbirds.   
To explore this possibility further, the pigments found in the feathers from live samples 
should be further identified. The presence of the three yellow-producing carotenoids that serve as 
a precursor to canthaxanthin and astaxanthin in epaulet feathers may provide more information 
on which dietary carotenoids are available to red-winged blackbirds. Feathers from individual 
males could also be analyzed throughout the breeding season to determine how pigments change 
over the season within an individual. Using this information, it could be determined how much 
variation is caused by biological verses habitat factors. 
Limitations 
 Through this experiment, I determined that the three specimens collected in the 1960s-
1970s were able to retrieve and process the expected carotenoids from their environment, and the 
pigment profile from these samples match well to the known pigment profile stated in the 
literature. The two successfully analyzed samples from live birds showed that these birds did not 
have the same pigment profile as the museum specimens. The small sample size tells us some 
information about the trends we expect with pigment differentiation between historical and 
modern birds. However, to truly understand this system, we need to expand this study and 
sample more of both live birds and museum specimens. 
 To enhance the results from this study, all standards expected from the pigment profile 
stated in the literature should be run against the samples. In this study, only the two most 
concentrated expected pigments were used as samples. To determine if the samples have other 
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pigments, lutein, zeaxanthin, and canary-xanthopyll-A should also be run as standards. This 
addition would give us a better idea of which birds were able to retrieve which pigments.  
 Finally, the supplementary information on wetland habitat was not as available as 
planned when developing this project. There was no adequate GIS layer available for historical 
wetlands in Connecticut, so a comparison between historical land use and current land use could 
not be made. Without this information, we had no information about how the habitat of sampled 
live birds versus museum specimens had changed over time. 
Conclusions 
 There was variation in the pigmentation of red-winged blackbirds that existed in different 
areas between 1970 and the present-day. This variation may be attributed to the widespread 
habitat changes that red-winged blackbirds have experienced. Although speculative, this 
possibility suggests that further exploration of the effect of habitat change on bird pigmentation 
would be worthwhile. As habitat change continues to threaten our planet, it is important that we 
understand how species will respond (Sinclair et al. 1995). This study provides a piece of 
information that will contribute to our understanding of this greater concept.  
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TABLES AND FIGURES 
 
Table 1 A list of live birds and museum specimens incorporated in this study. The age ASY 
refers to after second year, or adult, bird. HY is a hatch year bird, and SY is a second year bird. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Sample 
Number 
Location Town County State Sex Age 
L1 Barn Island Stonington New 
London 
CT Male SY 
L2 Barn Island Stonington New 
London 
CT Male  ASY 
L3 Barn Island Stonington New 
London 
CT Male  ASY 
L4 Hammonassett Madison New 
Haven 
CT Male ASY 
L5 Horsebarn Hill Mansfield Tolland CT Female? Juvenile 
L6 Horsebarn Hill Mansfield Tolland CT Female ASY 
L7 Barn Island Stonington New 
London 
CT Unknown HY 
L9 Horsebarn Hill Mansfield Tolland CT Female Juvenile 
L10 Horsebarn Hill Mansfield Tolland CT Female Juvenile 
L11 Horsebarn Hill Mansfield Tolland CT Unknown Juvenile 
UCMB 
7116 
Unknown Mansfield Tolland CT Male ASY 
UCMB 
7247 
Unknown Willimantic Tolland CT Male ASY 
UCMB 
5788 
South Eagleville 
Road 
Mansfield Tolland CT Male ASY 
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Table 2 Color score ranks of sampled feathers that were successfully analyzed. Extractions from 
all other samples were unsuccessful, possibly due to a low carotenoid concentration in some 
cases. 
Sample Number Color 
Rank 
Visual Color Description Date Collected 
L3 6 Light orange  6/27/2016 
L4 7 Orange  6/7/2016 
UCMB 7116 10 Bright red 4/1/1969 
UCMB 7247 10 Bright red  5/18/1973 
UCMB 5788 8 Bright orange  4/15/1962 
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Figure 1 Chromatograms of the pigment separation from samples of red epaulet feathers of red-
winged blackbirds in Connecticut. All chromatograms were compared to the standard sample, 
which consisted of canthaxanthin and astaxanthin. The two samples collected from live birds are 
labelled L3 and L4. The three samples collected from museum specimens are labelled by their 
museum accession number, UCMB 5788, UCMB 7116, and UCMB 7247. The chromatographic 
result for an individual sample is distinguishable by a distinct color. The tallest peaks for each 
sample represent true carotenoids signals. Smaller peaks are indicative of cis-isomers, which are 
degraded components of the true carotenoid parent molecule and can be ignored for this study. 
Pigments can be identified by comparing the retention time to that of one of the peaks in the 
standard. This procedure is not fully reliable and must be supplemented with additional 
comparison of UV spectra.  
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Figure 2 The UV Spectra graphs for each sample of epaulet feathers from red-winged 
blackbirds. The spectra graphs are combined into one plot and compared to the standards. For 
each of the tallest peak identified in the chromatogram, the spectra behavior of this peak 
identifies it as a standard pigment. Any peak that matches in wavelength and behavior to the 
standard can be identified as that standard pigment. There was one pigment found in each of the 
two live samples (L3 and L4). There were two pigments found in each of the museum specimens 
(UCMB 5788, UCMB 7116, and UCMB 7247). Any solid lines within the spectra for a given 
sample are identified as canthaxanthin. Any dashed lines are identified as astaxanthin. The dotted 
lines in UCMB 5788 and UCMB 7116 may be signals from lutein, another carotenoid found in 
the epaulets that was not tested for in this study. 
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Figure 3 The components of the UV Spectra of the red-winged blackbird epaulet pigments for 
(a) the museum specimens and (b) the live specimens. The solid line represents canthaxanthin in 
a sample, and the dashed line represents astaxanthin. The dotted line represents a pigment that 
shows up in two of the museum specimens and may represent lutein, or another carotenoid in the 
epaulet feathers. 
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Figure 3 The results by pigment for the samples of red-winged blackbird epaulets. (a) 
Canthaxanthin was detected in all three museum specimens (UCMB 5788, UCMB 7116, and 
UCMB 7247) and none of the live samples (L3 and L4). (b) Astaxanthin was found in both live 
samples and one museum specimen (UCMB 7247). (c) A third pigment was identified in the 
epaulets of both UCMB 5788 and UCMB 7116. This third pigment is neither canthaxanthin nor 
astaxanthin and may represent another carotenoid, such as lutein, found in red-winged blackbird 
epaulets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
